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Method of providing a nould wltb a release layer* 



Hie Invention relates to a method of rotderin^ 
a hTdrophille^ Inorcanie surface of a mould suitable for 
the release of synthetic resin products. 

Such a method is described in, for example, 

S t^ted States Patent Specification 251,277* In said 
Specification the surface of the mould is treated with a 
polymer composition ifhleh contains an organopolysilozane 
and a thiofunctional polysiloxane liquid • The polymer 
composition is a dear liquid vhose kinematic viscosity is, 

10 for example, of from 73 to 100 cS (^5.^0^^ to 100. 10**^ 
As is shovn in the examples of said United States Patent 
Specification, the release a^ent is applied dm relatively 
thick layers to a metal substrate, such as a metal board* 
Preferably, a layer thickness of from 0.125 mm to 2.5 mm is 

15 applied. Said Ih&ited States Patent Specification states in 
column 7, line 6l and following that veir small layer 
thicknesses of a fev &i£strom units may also be applied. 
However, this seems to be a misconception. The molecular 
dimensions of the substances used are much larger than a 

20 few ^gstroms. Moreover, the high viscosity is not suitable 
for obtaining very thin layers. This means that the known 
solvent can not be used with moulds having a fine surface 
because the structure is masked completely by the rather 
thick layer of the solvent. Ihe layer also exhibits tmdesired 

25 variations in layer thickness. As with many other known 
polysiloxane solvents, the use of this known solvent in 
addition causes the metal surface of the substrate to change 
into an SiO stirface. Such an SiO surface ej^ibits polarity, 
to some degree, which causes synthetic resins such as the 

30 somewhat polar synthetic resins, for example polyacrylates , 
polymethacrylates, polycarbonates etc., to exhibit a certain 
interaction with this surface. It is to be noted that the 
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synthetic resins can be readily released Trom such a 
fflodiried surface. However, due to tlie aforesaid interaction 
sons synthetic resin material will remain in the lon^ run 
on the surface of the mould. This vill cause problems in 
reproduction processes idiere very many synthetic resin 
copies must be made of one mould or vhere the stxrface of 
the mould has a fine structure or texture, or a very 
smooth surface. The residual synthetic resin material, 
no matter hov little, will veil the texture of the surface 
of the mould thereb:sr rendering the production of qualitati- 
▼sly good copies Impossible » Thus, an early replacement if 
the mould is necessary. 

According to Vnited States Patent Specification 
263,350 the surface of a glass moul'd.is sprinkled, in a 
humid atmosphere having a vater content of at least 55j6, 
with a liquid mixture of diroethyldichlorosilane and 
trimethylchlorosilane. In the humid atmosphere a dense 
mist develops in the reaction chamber and an oily film 
of a polysiloxane is formed, due to hydrolysis of the 
silane compounds and polymerization of the hydrolized 
silane compound caused by a condensation reaction. This 
process and the mould produced exhibit the same disadvan- 
tages as the mould and the method of the abovedescribed 
United States Patent Specification 4,251,277- Moreover, 
the polymerization reaction is sn uncontrolled process 
which leads to local variations in the thickness and 
comi>osition of the oily film obtained^ 

It is an object of the invention to provide such 
a method that the product obtained does not have the above- 
described disadvantages. 

An object in accordance with the invention is to 
so modify the bydrophilic, inorganic surface of a mould 
that all types of synthetic resins. Including those having 
a polar character, can readily be released from the 
modified stirface. 

A further object is to so modify the hydrophilic. 
Inorganic surface that a fine structure or profile is not 
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chaxi«ed •ss0nt±ally» and, aa a conaequancot axact copiaa 
can be aada* 

Tat az&otliar object la to provide a method which, 
can be appllad to varioua typea of a hTdrophUlOt lnor«anle 
aurface* 

A rurther object In accordance with the Invention 
is to provide a al«ple method of treatinir the aurface, idxich 
doea not require any labour-intenalve pre-treatmenta or 
po a t- treatment a • 

Theae objecta are acconpllahad in accordance vith 
the In^ntlon by a method of the type deacrlbed In the 
opening paragraph, which la characterised in that the 
hydrophllict inorganic aurface la treated under anhydrous 
conditions with the ailane composition of formula 1 of the 
formula aheet, 
vhere m « 1, 2 or 3, 

R la a linear or branched alkyX group or alkoxy-aOkyl 
group which containa 1-20 carbon atoms and which may 
be partly aubstituted with fluorine t and 
X la a chlorine atom, a methoxy group, ethoxy group, 
amino group, which may be substituted with one or two 
methyl and/or ethyl groups or an imidazole group, 
^OxBTB a monolayer of the silane compound is chemically 
linked to the hydrophilic, inorganic surface via 
oxygen bridges. 

The hydrophilic, inorganic aurface consists, in 
particular, of a metal auch as Hi, Al, Ag or of glass or 
quartz* The mould may be made entirely of such a material 
but it may also be provided with an upper layer of metal, 
glass or quartz. An example thereof is a synthetic resin 
mould or a mould which is provided with a synthetic resin 
protective coating such as a protective coating of a 
UV-cured acrylate or methacrylate synthetic resin, the 
synthetic resin or synthetic resin coating being provided 
with a metal layer or, for example, a layer of SiO^* 
In the case of a metal layer, such a layer may be provided 
by an electroless deposition process such as a vacuum 
deposition process, sputtering process or an electroless 
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ob«aieal process. 

Said bydrophUlc, lAor^anlc surface contains 
hydroxyl (oh) groups wlilcli react with the group (s) X of tHe 
silane compound added, thereby forming oxygen bridges and 
separating HJC. Dependent upon the number of X groups per 
moleenla, par molacole of the ailana eos9>ound one or more 
oxygen bridges can ba formed vith the Inorganic surface. 
Tests have shorn that nhen a silana compound of foxmula 1 is 
used, where m - 2 and in which th* allana compound conae- 
quently contains two X groups par molecule, essentially two 
oxygen bridges are formed with the inorganic surface. 
Conse<iuently, both X groups react with the hydroxyl groups 
of the surface. Vhen a silane compound ia used which contains 
3 X groups per molecule, 80 percent of the silane molecules 
are linked to the inorganic surface via *«» oxygen bridges. 

The R groups of the silane compound bonded to the 
inorganic surface extend outwardly and shield the entire 
surface. Consequently, the inorganic surface is changed to 
an inert surface of allcyl, alkoxyalkyl or fluorine-substitu- 
ted alkyl or alkoxyalkyl, respectively. The R groups do not 
contain any reactive components, consequently no more layers 
can be chemically bonded to the layer of the surface-bonded 
silane compound. The layer bonded to the inorganic, hydro- 
phlllc surface of the silane compound is a monolayer having 
25 a very small thickness. A few more molecular layers may be 
physically bonded to the first molecular layer which Is 
chemically bonded to the surface. Due to the very small 
thickness, the structure of the inorganic surface remains 
substantially unchanged. Consequently, by means of the mould 
manufactured in accordance with the invention very accurate 
replicas can be produced. Emphasis is put on the fact that 
the method in accordance with the invention must be carried 
out anhydrously, i.e. in a dry condition. The presence of 
moisture will lead to a hydrolyzation of the silane compound, 
thereby forming silanol groups which polymerize due to a 
condensation reaction. Consequently, a layer is obtained 
having an irregular thickness and a variable composition, 
which should be avoided. 
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In an advantageous embediJDe&t of tlia method In 
accordance vlth the Invention, the hydrophlllc, Inoreanle 
surface Is treated vith the vapour of the silane oompouxid 
at a reduced pressure. This vapour-pliase process Is an 
elegant process idilch can bo carried out under strictly 
anhydrous conditions. Preferably , it is carried out at a 
raised temperature. 

jr% a further suitable embodiment of the method 
in accordance vith the dlnvention, the hydrophilic, inorganic 
surface is traeted vith a solution of the silane compound 
in an anhydrous, orgaziic solvent. An example of a suitable 
solvent is dry toluene. 

A further advantageous embodiment of the method 
in accordance vith the invention is characterized in that 
the hydrophilic, inorganic surface is treated vith a silane 
compou2id of formula 1 , ^ere R is a fluoroalkyl group, 
branched or not, a fluoroalkoxy-allcyl group, branched or 
not, or an alkyl group, branched or not, having at least 
10 carbon atoms. 

Preferably, the hydrophilic, inorganic surface 
is treated vith (heptadecaf luorine 1 , 1 ,2,2-tetrahydrodecyl) 
-•1- triethorysilane, (heptadecafluorine 1,1,2,2- 
tetrahydrodecyl) -1- trichlorosilane, (heptadecafluorine 
1,1,2,2- tetrahydrodecyl) -1- dimethylchlorosilane or vith 
n-octadecyl trichlorosilane « 

Formulae 2-11 on the appended formula sheet state 
examples of suitable silane compounds vhich may be applied 
in the method in accordeoice vith the invention. 

The mould manufactured by the method in accordance 
with the invention may be used, for example, for the 
manufacture of synthetic resin optical components (lenses, 
mirrors) or optical components ^diich are provided vith a 
synthetic resin coating layer. The mould is made of, for 
example, Al, stainless steel, quartz or a synthetic resin 
vhich is provided with a layer of S±0^. A monolayer of the 
silane compound is applied in accordance with the inventive 
method to the inorganic, hydrophilic surface of the mould 
which during operation contacts the synthetic resin of the 
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replica to hm made* A further exainple la an Ni mould, tlie 
surface of ^AiLch la modified in accordance with the 
process of the Invention axid i^ch la used for the productl 
of projection television screens, 
e da lanrentlon vlll nov be aacplalned In more 

detail by means of the follovlnff exeiBplary embodiment 
and vlth reference to the drawing, in vhlch 

Figure 1 Is a cross-sectional vlev of a mould, 

and 

n Figure 2 Is a schematic vlev of an arrangement 

for carrying out the method In accordance with the 
Invention* 

Reference numeral 1 In Figure 1 denotes a mould 
idilch la msde of Al« Ihe mould 1 may also be made of 

15 another metal such as stainless steel or Hi, or of glass 
or quartz* It la also possible that mould 1 Is made of a 
synthetic resin such as polycarbonate, epoxy synthetic 
resin or polymethyl methacrylate and that the upper surface 
Is coated with a layer of SIO^ which Is applied by vacuum 

20 deposition. The mould shorn In the figure is designed for 
producing optical components , In particular lenses. 
At the upper surface 2 the moiad is provided with a cavity 
3 having an accurately polished aspherical surface 4. 

The upper surface 2 of mould 1 is ptirlfled by 

2S U V radiation in an ozone atmosphere for a few minutes* 
Said eurface is faydrophlllc and contains hydroxyl groups. 
Subsequently, the moiad is positioned in a reaction vessel 

5 (Figure 2), This reaction vessel is provided with a 
flange 6. The vessel is closed by a cover 7 idilch is also 

30 provided with a flange 8, By means of a rubber ring (not 
shown) which is positioned between the flange portions 

6 and 8, a vacuumtight sealing is obtained. The cover 7 is 
provided with two connections 9 and 10. Via a conduit 12 
which is provided with a stop cock 11, the connection 9 

35 Is connected in a vacuumtight manner to a vacuum pump 
which is not shown. Connection 10 is connected in a 
vacuumtight manner to a conduit 13. Said conduit 13 is 
connected via a tap l4 to a supply pipe 15 for an inert 
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fas, sucii as K^* Via a tap 16 tlia coz»lult ^^ ±b f\irt]iaraiore 
connected to a connection 17 of a tank 18 nhich la provided 
vltb. a quantity 19 of a sllane conpound vbloli corresponds 
to one of the fomulas of tlie formula slxeet, in particular 

8 a quantity of the substance (heptadeeafluorlne ^fl^Z^Z^ 
tetrahydrodecyl) -1- trlethozy sllane in accordance vlth 
the fomaLla 3 of the formula sheet* After the mould 1 Is 
Introduced In the reaction vessel 3* said vessel Is heated 
to a temperature of 130^ fay means of a heatdLn^ body 20. 

10 Taps 1^ and I6 are closed* Tap 11 Is opened and the assembly 
is evacuated via the conduit 12« Next, tap 16 is opened 
su€»h that sllane vapour from tank I8 is supplied to the 
reaction vessel 3 idiere it reacts with the hydrophlllc 
surface of mould 1 1 a chemically bonded monolayer of the 

IS sllane compound beizxg formed as previously described. 
Subsequently, tap 16 is closed, the vacuum pump is dis- 
connected and the sllane vapoxir still present in the 
reaction vessel 3 is removed by fluehln^ the vessel vith 
an inert gas via conduit 13 and tap 14. Nov, the mould 

20 obtained Is suitable for the production of synthetic resin 
copies or copies idiich are provided vith a protective 
coating of a synthetic resin. Said copies (replicas) can 
readily be released from the modified mould surface 2,4* 
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Fornnila sheet 

1 (R).- SI - (X)^„ 

2 CP^ — I — o — (CH2)3 — SICI3 



IS 



20 



25 



3 CgF,^ — CHg — ■ CHg — Si — CI 

AH3 



5 CgF^^-CHg - CHg — Sl(— OCHg— CHj)^ 
7 CP3— CHg — CHg — SI (— 0(^3)3 



8 CP3 — CHg — CHg — 81013 



9 CP3 — OH2 — OH2 — OCHj)^ 

CT3 

^° ^12=25 — Sici3 

^12=25 — OOH2— CH3)3 
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1. A method' of resdorlzMfP a faydropliillc 9 inorgaziic 
ourfaco of a boiLL4 «olt«l»l# Tor th« reXoaas or syntliotlc 
roslA products, obaraetarizad in that the •urfaco Is 
troated undor anhydrous conditions with a slXsns conpound 

^ which corresponds to foramla 1 of ths fomoXa shoot , 
iihoro m ■ 1* 2 or 3, 

R Is a linear or branched aXkyX group or alkoacyaXkyl- 
group lAdch contains 1-20 carbon atoms and id&leh 
oiay be partly substituted vlth iriuorine» and 
10 X is a chlorine atooi a methoxy group, ethoxy group, 

amino group, vhich may be substituted vlth one or 
tvo methyl and/or ethyX groups or an imldazoXe group, 
where a monoXayer of the slXane compound is chemicaXXy 
Xinked to the hydrophlXlc, inorganic surface via oxygen 
15 bridges. 

2. A method as claimed in Claim 1, characterised 
in that the hydrophllic. Inorganic surface is treated 

with the vapour of the silane compound at a reduced pressure. 
3« A method as claimed in Claim 1, characterized 

20 in that the hydrophllic, inorganic suiTface is treated 
with a solution of the silane compound in an anhydrous 
organic solvent. 

4. - A method as claimed in Claim 1, 2 or 3, 
characterized in that the hydrophllic, inorganic surface 

25 is treated with a silane compound of formula 1, where R 
is a branched or unbranched fluoroalkyl group or f lucre- 
aXkoxy-allcyl group or a branched or unbranched alkyl 
group having at least 10 carbon atoms* 

5, A method as claimed in Claim 4, characterized 

30 in that the hydrophllic, inorganic surface is treated with 
(heptadecafluorlne 1,1,2,2«- tetrahydrodecyl)-1- triethoxy 
silane, (heptadecafluorlne 1,1,2,2- tetrahydrodecyl)-1- 
trichloro silane, (heptadecafluorlne 1 , 1 ,2,2-tetrahydrodecyl) 
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dlnethylclilorosilane or vitb. n-oetadecyltrldilorosilftzie. 
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